The hygiene status of raw chickenmeat preparations from retail outlets in North-Western Spain was investigated. Microbial counts (aerobic plate counts (APCs), psychrotrophs, Enterobacteriaceae, fecal coliforms, enterococci, pseudomonads, fluorescent pseudomonads, yeasts and molds, and Staphylococcus aureus) were determined for minced meat, hamburgers, nuggets, white sausages, red sausages, escalope, and roll-ups. S. aureus isolates were tested for susceptibility to twenty antimicrobials of veterinary and human clinical significance (disc diffusion method, CLSI). Average microbial loads (log 10 cfu/g) ranged from 2.63 ± 0.80 (enterococci) to 6.66 ± 1.09 (psychrotrophs). Average APCs (6.44 ± 1.16 log 10 cfu/g) were regarded as acceptable according to EU microbiological criteria. The type of product had an influence (P < 0.05) on microbial loads, samples of escalope showing the highest counts for most microbial groups. Two-thirds (66.7%) of the samples tested harbored S. aureus. All the S. aureus isolates were multi-resistant (to between three and fifteen antibiotics). The greatest prevalence of resistance was shown for ampicillin, oxacillin, penicillin G, ceftazidime, and nalidixic acid. The results of this study show that poultry-based meat preparations present high microbial loads and are a major reservoir of antibiotic-resistant S. aureus strains. This highlights the need for correct handling of such foodstuffs with a view to reducing risks to consumers.
INTRODUCTION
Chicken is the most widely consumed meat in Spain. The annual per capita consumption in 2015 was 13.78 kg, and represented 37.1% of the total volume of fresh meat (MAGRAMA, 2016) . Worldwide, chicken is the second most widely eaten meat, at 14.99 kg per capita per year, exceeded only by pork, at 16.02 kg per capita per year (FAO, 2017) . This high level of consumption of chicken is because it is an inexpensive foodstuff, is easily cooked, is rated highly for its sensory qualities, is perceived as nourishing and healthy, and is accepted by almost all cultures and religions. Moreover, it lends itself well to food technologies with the possibility of processing it to meet the demands of consumers, who increasingly want ready-to-cook meat products (e.g., meat preparations), because saving time during food preparation has become a priority for most families (Selvan et al., 2007) .
Contamination of chicken by pathogenic microorganisms is a worldwide concern. Poultry meat and products thereof were responsible for at least 9.5% of reported foodborne outbreaks in the European Union in 2015 (EFSA-ECDC, 2016) . Furthermore, the presence of spoilage microorganisms is also a major problem because of the financial losses it entails. Aerobic plate counts (APCs), psychrotrophs, Enterobacteriaceae, fecal coliforms, enterococci, pseudomonads, fluorescent pseudomonads, and yeast and molds have been used in order to assess microbiological safety, the sanitation conditions during processing, and the keeping quality of poultry products (Álvarez-Astorga et al., 2002; Del Río et al., 2007) .
Staphylococcus aureus is recognized as the causative agent for staphylococcal food poisoning, a form of gastro-enteritis that arises from ingesting one or more preformed staphylococcal enterotoxins (Seok and Bohach, 2007) . In 2015, 434 foodborne outbreaks (9.9% of total) were caused by staphylococcal toxins in the European Union. Meat and poultry products are among the main food vectors involved in these outbreaks (EFSA-ECDC, 2016) . In addition, S. aureus is a major cause of infections in humans. The transmission of S. aureus may occasionally occur in the community through the eating or handling of contaminated foods, and serious foodborne infections by this bacterium have been formally demonstrated for years in previously healthy persons Buzón-Durán et al., 2017) .
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The presence of antimicrobial-resistant bacteria in food products is a public health issue of concern because of the potential for the transfer of antimicrobialresistant foodborne pathogens to human populations. Moreover, antimicrobial-resistant bacteria may represent a reservoir of resistance genes transferable to pathogenic or commensal bacteria in the food chain . Monitoring resistance to antibiotics is essential in order to gather information about the size and trend of this problem, as well also to plan and check the effectiveness of control measures introduced. However, there is only very limited information about the antibiotic resistance of S. aureus strains found in meat and poultry, and products thereof. It would appear that investigations of such matters are lacking in Spain.
The aims of this work were to know the microbiological quality of a range of prepared poultry products in North-Western Spain and to determine the patterns of resistance to antibiotics of the strains of S. aureus isolated from these foodstuffs.
MATERIALS AND METHODS

Sampling
A total of thirty samples of chicken-based preparations were sampled. They were obtained on the day of processing or within three days thereafter (Days 0 to 3) from several retail establishments (three supermarkets, three butchers shops, and a poulterer's shop) in the City of León in North-Western Spain. The samples comprised: minced meat (five samples), hamburgers (eight), nuggets (three), white sausages (five), red sausages (five), escalope (two), and roll-ups made of chicken breast, cooked ham, and cheese (two). All of the samples, each weighed about 300 g, were put in their own separate sterile plastic bags, transported to the laboratory immediately after collection in an ice chest, and tested at once upon arrival or within four hours being stored at 4
• C ± 1 • C if the analysis was not immediate.
Microbiological Analysis
Sub-samples each weighing 10 g were taken and homogenized for two minutes in a Masticator (IUL, Barcelona, Spain) with 90 mL of 0.1% peptone water (Oxoid Ltd., Hampshire, England). In the case of hamburgers, nuggets, sausages, escalope, and rollups, these ten-gram samples comprised two or more pieces taken from different parts of the main sample. Decimal dilutions were performed using the same diluent. Details of the culture media (all from Oxoid) and incubation parameters used are shown in Table 1 . Duplicate plates were incubated under aerobic conditions. Pseudomonas fluorescens colonies grown on Pseudomonas CFC (cephaloridine, fucidin and cetrimide) medium were counted under an ultraviolet lamp (254 nm; Palleroni, 1984) .
For each sample, from one to five colonies with the morphology typical of S. aureus (gray-black shiny colonies surrounded by an opaque halo) were isolated from Baird-Parker agar plates and identified on the basis of Gram staining, catalase production and oxidase activity. Catalase-positive, oxidase-positive, Gram-positive cocci were inoculated into microtubes of API STAPH (bioMérieux, Marcy L'Étoile, France) in accordance with the manufacturer's instructions. Data interpretation was undertaken using the Analytical Profile Index (API) database (V7.0) with the apiweb TM identification software (bioMérieux). Only one S. aureus isolate per positive sample was further studied by means of the tests listed below.
Antimicrobial Susceptibility Testing
S. aureus isolates were screened for susceptibility to a panel of twenty antimicrobials on MuellerHinton agar (Oxoid) by a disc diffusion method (CLSI, 2013) . The following discs were used: amikacin (30 μg), gentamicin (10 μg); tobramycin (10 μg), streptomycin (10 μg), ampicillin (10 μg), oxacillin (1 μg), penicillin G (10 units), cefazolin (30 μg), cefoxitin (30 μg), ceftazidime (30 μg), imipenem (10 μg), sulphamethoxazole-trimethoprim (25 μg), 
Statistical Analysis
Microbial counts were converted into log 10 cfu/g. The data were analyzed using analysis of variance (ANOVA) techniques, with Duncan's multiple range test used for separating means. The figures for prevalence of resistance to antibiotics were compared by means of chi-Square and Fisher's exact tests. Significant differences were established at a 5% probability level (P < 0.05). All statistical tests were performed using the software package Statistica 8.0 (Statsoft Ltd., Tulsa, OK).
RESULTS AND DISCUSSION
Microbiological Quality
The microbial loads on chicken preparations can be seen in Table 2 . Average counts varied between 2.63 ± 0.80 log 10 cfu/g (enterococci) and 6.66 ± 1.09 log 10 cfu/g (psychrotrophs). Significant differences (P < 0.05) were observed between sample types for all microbial groups other than enterobacteria and fecal coliforms. It is striking that particularly high levels of APCs, psychrotrophs, Pseudomonas, molds and yeasts, and S. aureus were observed in the escalope samples.
APCs averaged 6.44 ± 1.16 log 10 cfu/g. This is higher than counts found previously in Spain for chicken carcasses (5.19 ± 0.43 log 10 cfu/g; Capita et al., 2002) and for chicken legs (5.10 ± 0.59 to 5.79 ± 0.64 log 10 cfu/g; Alvarez-Astorga et al., 2002; Del Río et al., 2007) . The higher levels of APCs observed in chicken-meat preparations, relative to carcasses and to legs, are probably due to contamination occurred during processing. Our results fall within the range of counts (log 10 cfu/g) recorded for poultry preparations from retail outlets, both in Spain (6.29 ± 0.64 to 7.28 ± 0.51; Álvarez-Astorga et al., 2002) and elsewhere (6.05 ± 0.18; Lerasle et al., 2014) .
A three-class plan is currently applied in the European Union (n = 5, c = 3, m = 5.70 log 10 cfu/g and M = 6.70 log 10 cfu/g) for APCs in minced meat at the end of manufacturing process (OJEU, 2005) . According to the EU Regulation criteria, "n" is the number of units comprising the sample, and "c" is the number of sample units giving values between the microbiological limits "m" and "M". Results are satisfactory if all the , 1997; ICMSF, 2011) . APCs in the present work are not in line with these international guidelines of Good Manufacturing Practice (5 log 10 cfu/g) and are close to or above the maximum acceptable level (7 log 10 cfu/g). Loads higher than 7 log 10 cfu per gram or cm 2 are generally associated with incipient changes in sensory impact (ICMSF, 1986) . It should be pointed out, however, that the criteria quoted refer to meat preparations at the end of the manufacturing process, whilst in the work being presented here samples were analyzed sometime after processing (up to three days). During the time spent in refrigerated storage, the levels of aerobic bacteria are likely to have increased relative to initial counts, as previously reported (Del Río et al., 2007) .
The average counts of psychrotrophs observed in our research (6.66 ± 1.09 log 10 cfu/g) are higher than those previously found for chicken carcasses, at 4.84 ± 0.60 log 10 cfu/g (Capita et al., 2001) , and chicken legs (between 4.34 ± 0.77 and 7.07 ± 1.07 log 10 cfu/g;Álvarez- Astorga et al., 2002; Del Río et al., 2007) . All the samples in the present study also exceeded the maximum guideline limit set by Pascual-Anderson (1992) for dressed poultry in Spain, which was 5 log 10 cfu/g. On the other hand, the results of this study do fall within the wide range of values (between 3.5 and 10.7 log 10 cfu/g) recorded by other authors (Gashe and Mpuchane, 2000) for poultry by-products (including minced meat).
None of the samples investigated showed any sign of sensory changes, even though some were contaminated with more than 8 log 10 cfu/g of psychrotrophs. These results coincide with the findings of El- Leithy and Rashad (1989) . In contrast, Dainty and Mackey (1992) noted that levels of psychrotrophs between 6 and 8 log 10 cfu/g were enough to affect the smell and appearance of meat.
Enterobacteriaceae and fecal coliform loads have been used as an indicator of fecal contamination in fresh meat . The average counts for enterobacteria in this study (2.89 ± 0.77 log 10 cfu/g) were above the limits of the microbiological criteria established for poultry in Spain, which are 2 log 10 cfu/g (Pascual-Anderson, 1992) .
Fecal coliform loads found in this piece of research, at 2.86 ± 0.76 log 10 cfu/g, were similar to those observed by Del Río et al. (2007) for chicken legs immediately after slaughtering (2.86 ± 0.58 log 10 cfu/g on skin), and to those noted in previous work with chicken carcasses in retail outlets (2.73 ± 0.29 log 10 cfu/g; Capita et al., 2002) . Levels of contamination found by other authors varied from 1.71 ± 0.29 (Álvarez-Fernández et al., 2013) to 4.1 log 10 cfu/g (Abu-Ruwaida et al., 1994) . This wide range of values may be due to differences in the analytic techniques used. Thus, in a previous research it was noted that the counts of coliforms in chicken meat were 2.73 ± 0.29 log 10 cfu/g when the standard violet red bile agar method (also employed in the present work) was used, but 3.38 ± 0.77 log 10 cfu/g when the Hydrophobic Grid Membrane Filter method (Iso-Grid HGMF TM ; QA Lab, San Diego, CA) was used. Counts for enterococci observed in the present work (2.63 ± 0.80 log 10 cfu/g) were very similar to those previously found in poultry (Del Río et al., 2007) , at 2.88 ± 0.48 log 10 cfu/g. In addition to their role as indicator microorganisms, enterococci are responsible for human infections, and generally show multiple resistances to clinically important antibiotics (GuerreroRamos et al., 2016) . Indeed, they are considered "sentinel" microorganisms for antibiotic resistance .
The average counts for Pseudomonas found in chicken preparations (5.24 ± 0.99 log 10 cfu/g), were higher than levels previously observed in poultry (from 4.11 ± 0.83 log 10 cfu/g to 4.70 ± 0.92 log 10 cfu/g; Capita et al., 2001; Del Río et al., 2007) . These values are lower than those that trigger sensory changes (such as variations in color, unpleasant smell, or formation of a surface deposit), which range from 7 to 8 log 10 cfu/g (Gallo et al., 1988) .
Over recent years increasing attention has been paid to fluorescent pseudomonads, in view of the great ability to grow at refrigeration temperatures and of the fact that they are the bacteria chiefly responsible for the final stages of spoilage of meat (Capita et al., 2001 ). The average counts for fluorescent pseudomonads in the present study (3.13 ± 0.91 log 10 cfu/g) were lower than those noted by Gennari and Dragotto (1992) , who stated that the normal levels of these microorganisms in poultry range from 4 to 6 log 10 cfu/g.
With regard to the mold and yeast group, this study revealed average levels of 5.61 ± 0.96 log 10 cfu/g. These values can be considered high in comparison with earlier results for poultry: 2.99 ± 0.83 log 10 cfu/g (Capita et al., 2001) , and 3.96 ± 0.47 log 10 cfu/g (Del Río et al., 2007) .
A total of twenty S. aureus strains were isolated from twenty samples (minced meat, hamburgers, and sausages). This prevalence (66.7%) falls within the range of values recorded in other studies of poultry meat and products thereof, which are very variable, ranging from 3% (Osman et al., 2016) to 100% (Capita et al., 2001; Del Río et al., 2007) .
Average counts for S. aureus in the present work, calculated with only positive samples being considered, were 4.07 ± 0.80 log 10 cfu/g. These levels are within the wide range of values obtained by other authors, which run from below 3 to above 5 log 10 cfu/g or cm In Spain, the recommended upper limit for enterotoxinogenic S. aureus counts in dressed chickens is 2 log 10 cfu/g (Pascual-Anderson, 1992) . In France there is a guideline (CNERNA-CNRS, 1996) involving a threeclass plan (n = 5, c = 2, m = 10 3 cfu/g, and M = 10 4 cfu/g). Another microbiological criterion requires absence in 25 grams of sample (Wehr, 1982) . Taking into account all these microbiological criteria, the counts for S. aureus observed in the current research were unacceptably high.
Antibiotic Resistance of Staphylococcus aureus Isolates
A total of 20 S. aureus isolates were screened for susceptibility to a panel of twenty antimicrobial compounds of veterinary and human clinical significance. The number of antibiotics to which the strains were resistant is shown in Figure 1 . On average, the number of resistances per strain was 6.35. The presence of bacteria with multiple resistances to antibiotics of clinical importance has previously been observed in poultry meat (Alonso-Hernando et al., 2012; Álvarez-Fernández et al., 2012) . This implies a crucial challenge for public health, as many antimicrobials are invalidated as therapeutic options. Figure 2 shows the percentages of strains resistant to each of the antimicrobials examined. There were wide differences between substances, with no resistance to imipenem, vancomycin, or rifampicin. By class of antibiotic, the greatest levels of resistance were observed for beta-lactams, macrolides, quinolones, and fluoroquinolones. More than 50% of strains were resistant to ampicillin (AMP), oxacillin (OX), penicillin G (P), ceftazidime (CAZ), and nalidixic acid (NA). These compounds are classified as "critically important" (AMP, OX, and P) or "highly important" (NA) antimicrobial agents for veterinary medicine by the World Organization for Animal Health (OIE, 2015) . In the World Health Organization (WHO) list, AMP, P, CAZ, and NA are "critically important," and OX "highly important" antimicrobials for human medicine (WHO, 2012) . It is also worrying that there was prevalence of resistance in excess of 30% to amikacin, streptomycin, erythromycin, and ciprofloxacin, which are classified as "critically important" antimicrobials (WHO, 2012; OIE, 2015) .
Other researchers have also observed high levels of resistance to beta-lactam antibiotics, macrolides, aminoglycosides, quinolones, and fluoroquinolones in S. aureus isolates from animals reared for food and foodstuffs of animal origin (Osman et al., 2016) . The wide prevalence of resistance to these types of antibiotics is a result to be expected, in view of the extensive use of these substances in veterinary medicine (Briyne et al., 2014) . Hence, selective pressure exerted by the use of antibiotics (particularly when incorrectly employed at sub-inhibitory doses) has been identified as the main cause of the marked increase in the prevalence of resistance to antibiotics that has taken place over the last few decades .
Furthermore, resistance to antibiotics not used in veterinary medicine in Spain were detected in the present work. For instance, because of the toxic effects (carcinogenicity and mutagenicity) of chloramphenicol for consumers, more than two decades ago the European Union prohibited the use of this antibiotic in animal production by Council Regulation (EEC) No. 2377/90. Mechanisms of co-resistance or crossresistance might be the cause of resistance to this drug, as has previously been pointed out (Capita and AlonsoCalleja, 2013) . It was shown that the use of antibiotics modifies the genes for resistance carried by communities of bacteria (resistome), and that the effects on this set of genes persist for decades even in the absence of any contact with the antibiotics concerned (Sommer and Dantas, 2011) . Smith et al. (2007) observed that successive exposures to antibiotics create resistance that is stable over time, and that resistant strains may compete with those that are not even when there is no selective pressure present. It has been shown that such successive applications may have cumulative effects, so that multi-resistant strains become ever more prevalent after each new application of antimicrobials (Martins da Costa et al., 2011) .
To sum up, preparations made from poultry meat are foods of questionable quality from the point of view of hygiene and sanitation, as well as being a major reservoir of strains of S. aureus with multi-resistance to antibiotics of clinical significance. These are worrying facts in the context of food safety. Both underline the need for those handling such foods to receive good training in the field of food hygiene, with the aim of avoiding bad practice (such as cross-contamination or insufficient cooking) and thus of reducing consumer risks. The greater prevalence of resistance that was observed for the groups of antibiotics most widely used on poultry farms suggests a link between the use of antimicrobials and the emergence of resistant strains. The need for prudent use of antibiotics in animal production is highlighted.
